INTRODUCTION
Aquatic environments, soils and atmosphere are constantly exchanging matter and energy. Thus, contaminants can pass from one ecosystem compartment to another very quickly (Domingos 1998). As part of these environments, living beings are also subject to the effects of these pollutants, which can be mutagenic, teratogenic or toxic, damaging the survival of populations (Bulbovas et al. 2008) and accumulating in food chains, when they are passed from one trophic level to another (Odum and Barret 2008) .
Analysis of water and sediments is important for environmental monitoring, but does not provide adequate information on the amount of metal incorporated into the biomass (Baraj et al. 2009 ). This evaluation requires the use of vegetable or animal organisms as bioindicators. An organism must present certain characteristics in order to be classified as a good bioindicator: it must be taxonomically well-defined and easily recognizable by non-specialists, provide wide geographical distribution (being abundant or easy to collect); have low genetic and ecological variability, low mobility and a long life cycle, present well known ecological characteristics and be viable for laboratory studies. (Johnson et al.1993) .
There are many studies evaluating the use of bioindicators, and most of them use macroinvertebrates, such as mollusks, crustaceans and dipteras, among others. The studies of Beltrame et al. (2011) , in which the crustacean Neohelice granulata was evaluated as bioindicator, serves as an example. The presence of metals in these organisms in different seasons was analyzed, confirming the existence of a positive correlation in the variation of contaminant concentrations in accordance with the season studied.
Amphibians are used as bioindicators of metal contamination, as they play an important role in aquatic ecosystems, having their life cycles in the water as tadpoles and on land and water after undergoing metamorphosis (Greenhouse 1976 , Schuytema et al. 1991 , Bueno-Guimarães et al. 2001 .
The sensitivity of amphibians to various chemical contaminants has been evaluated in several studies. Schuytema and Nebeker (1999) analyzed the growth and death of amphibian species Rana aurora exposed to ammonium nitrate and sodium nitrate and tadpoles of the species Xenopus laevis and Pseudacris regilla exposed to urea. Marques et al. (2011) studied the contamination of amphibian species Pelophylax perezi in an uranium mine and a non-anthropic reference site and found that some elements may be up to 1000 times more concentrated in mining areas. Nations et al. (2011) evaluated the acute effects of ZnO, TiO 2 , Fe 2 O 3 , and CuO in Xenopus laevis and demonstrated that at trace concentrations these compounds were not harmful to the organisms studied.
With a wide distribution in Brazil and close relationship with aquatic and terrestrial environments, the Leptodactylus ocellatus can be a good tool for environmental biomonitoring. This paper evaluates the efficiency of the use of L. ocellatus as an organism bioindicator of contamination by metals. In this study, we determined the concentrations of Mn, Cr, Zn, Ni, Cu and Fe in different tissues of this species, in order to assess what tissue proved to be more effective as a bioindicator of contamination. To corroborate the results found in amphibians, these elements were also determined in sediment samples collected on the same place where frogs were found.
MATERIALS AND METHODS

LOCATION OF THE STUDY
The Contas River is the most important river of its basin and it is included among the five most important waterways in the state of Bahia. It rises in a geographic region characterized by plateaus called "Chapada Diamantina" and flows into the town of Itacaré in Bahia, covering about 500 km (Figure 1 ). The Contas watersheds is located in the central south of the state, with the geographical coordinates 12°55' and 15°10' south latitude and 39°00' and 42°35' west longitude. It is bounded on the north by the Paraguaçu River and south rivers from "Recôncavo" (a region comprised of lands that surround the "Todos os Santos" Bay), on the south by the state of Minas Gerais, with the Pardo river basin and east basins, on the east by the Atlantic Ocean and west by the São Francisco River basin (SRH 2007) .
The area of the Contas River watershed presents eight phytoecological regions: savanna, forest vines, rocky fields, forest, dunes and mangrove. Thereby being presented in three physiographic regions with very different characteristics, such as the High, Middle and Lower regions of the Contas River (PDRH 1993) .
The economic activities near the basin of the Contas River are characterized by a strong predominance of agriculture which accounts for 64% of the economically active population in the region. Irrigated agriculture is present in 37 of the 63 counties of the basin, with great potential for development due to its prospective soil, water availability, and primarily due to the existing traditions in the region (SRH 2007) .
However, mining, sewage disposal and other effluents, as well as other industrial also developed along the river, especially near the city of Jequié (Middle region of the Contas), and these contribute EVALUATION OF THE Leptodactylus ocellatus TISSUES to the contamination of the river (Sá and Sá 2004) . The Contas River is used for various purposes, and its current state of degradation highlights the need for biomonitoring focused on its recovery and/or conservation, thus ensuring the quality and quantity of the resources it can offer.
SAMPLES
Twenty specimens of Leptodactylus ocellatus and five sediment samples from five points were collected in the Middle Region of the Contas River (Table I) at a distance of 2 m from the riverbank. Sticks and stones collected with the sediments were manually removed. The samples were packed in plastic bags, sent to the laboratory and dried at 60°C for 24 h.
INSTRUMENTS AND MATERIALS
In order to determine the analytes, a flame atomic absorption spectrometer (FAAS) Perkin Elmer (Norwalk, CT, USA) model AAnalyst 200 equipped with deuterium lamp background correction was used. The hollow cathode lamps were used for each element in accordance with the manufacturer's recommendations. The wavelengths chosen for reading the absorbance corresponding to each element were 324.8 (Cu), 248.3 (Fe), 279.5 (Mn), 232.0 (Ni), 213.9 (Zn) and 357.9 (Cr) nm. The width of the slit of the monochromator used to measure copper, zinc and chromium was 0.7 nm, for the determination of iron, manganese and nickel, the corresponding value was 0.2 nm. The height of the burner (13.5 mm) was also used with conventional values. The gas mixture used to keep the flame consisted of acetylene (flow rate 2.0 mL min -1 ) and air (flow rate 13.5 L min The digestion of the samples of animal tissue or extraction of analytes from sediments was performed using a microwave oven joint (Britain, 19L, 700W) and pumps Teflon with safety device for pressure relief (Parr Model 4781, capacity 23 ml, maximum temperature of 250°C and pressure of 1200 psi) (EPA 2007) . A drying oven (DeLeo, model A2-EDS) was used for drying the material collected. Porcelain mortar and pestle and Tamise fine mesh (65 µm) were used for grinding and sieving the samples.
REAGENTS
All solutions were prepared with ultra pure water (resistivity of 18.2 MΏ cm) obtained from a purification system (ELGA, model Classic UF MK2). The glassware was decontaminated with nitric acid (Fmaia) 5% (v/v). Nitric acid PA (65%) of Fmaia, water and hydrogen peroxide PA (Fulka) were used for the digestion of the samples. Standard solutions originating from Fluka Analytical, concentrations of 1000 mg L -1 of each element (Fe, Ni, Mn, Zn, Cu and Cr) were used for calibration. Sulfuric acid (Fmaia) was used to break down the fat of the biological material during the drying process.
SAMPLES PREPARATION
Sediments
The sediments were dried at 60°C for 24 h. Then crushed in mortar and pestle and sieved. The bioavailable metals were extracted following the protocol EPA 3051 with modifications. To a quantity of 0.1 g of sediment, 2.0 mL of nitric acid P.A. were added, in a Parr vessel for acid digestion.
The system was subjected to microwave irradiation for 120 seconds at a power of about 350W. After cooling at room temperature, the mixture was filtered and transferred to 10 ml flasks and the volume was completed with ultra-pure water.
Leptodactylus ocellatus tissues
Amphibians were taken to the laboratory where they were washed with deionized water. Euthanasia was performed with hypothermia and weighing was done in a semi-analytical scale. After euthanasia, tissues were carefully separated to avoid contamination, weighed and kept in an incubator at 60°C for six days. After drying, the material was weighed again in order to calculate the moisture. The amphibians collected in the same location that did not reach 40g of wet weight were grouped in order to supply sufficient mass for sampling. Samples from different tissues from the fractionation of amphibians samples were prepared using 0.1 g of the material mixed with 2.0 ml of concentrated HNO 3 , H 2 O and 1 ml of 0.4 ml of H 2 O 2 . Then the mixture was taken to a microwave oven where it was irradiated for 90 seconds, at a EVALUATION OF THE Leptodactylus ocellatus TISSUES mean power of 350W. After cooling, the digest was transferred to a 10.00 mL volumetric flask, whose volume was then completed with ultra-pure water.
DATA ANALYSIS Statistica 7.0 software was used for principal component analysis (PCA) and hierarchical cluster analysis (HCA) application. In order to calculate the correlations between the variables, the SAS 9.0 software (Statistical Analysis System Institute Inc. user's guide Version 9.1 ed. Cary) was used. Excel was used for obtaining analytical curves. Quantitative variables were determined from the mean Euclidean distance and UPGMA. In all statistical analyses we used the confidence level of 95% (α = 0.05).
RESULTS AND DISCUSSION
Average concentrations and standard deviation of Mn, Cr, Zn, Ni, Cu and Fe for sediment samples are presented in Table II viscera, to determine which of these fractions is most suitable for studies of environmental contamination by metals. The purpose of dividing this study into fractions was to avoid misinterpretations when analyzing the whole system, as tissues have the capacity of absorbing each element differently. Using the concentrations obtained from the analysis of the frog tissue samples and sediments as chemical descriptors, PCA and HCA were applied to data exploration and pattern recognition. First, these statistical techniques were applied to the data of all tissue samples. The analysis results of this pooled data are presented as scores, loadings and dendrogram graphicals (Figure 2 ). The Cr variable was excluded from the analysis because this EVALUATION OF THE Leptodactylus ocellatus TISSUES variable presents little contribution to modeling data. The percentage of variance explained by the first two PCs (69.59) were considered sufficient in describing the behavior of the data. Analyzing the graph of scores (Figure 2a) , it was noted that the samples tended to form a group according to the types of analyzed tissues. The more dispersed group consisted of samples of viscera, and three of these samples (on the left of the graph) stand out from the rest. The loadings plot (Figure 2b ) reveals that it is formed by samples of viscera seems to stand out from the other groups due to their contents of Fe and Cu. The Mn had great influence on the segregation of three samples of viscera from the rest of the group. Ni and Zn variables contributed to the grouping the skin samples and the Ni and Cu were the main variables responsible for grouping the samples of muscles. The dendrogram in Figure  2c corroborates the interpretations made in the PCA. This joint analysis reveals that the three tissues have different behaviors in relation to the accumulation of the metals studied and that the factor "tissue type" overlaps the factor "collection site" in the definition of the formed groups. The tissues were also analyzed separately. Figure 3 presents the principal component analysis of viscera samples. In this analysis the variable Cr was removed for not contributing significantly in the data modeling. The percentage of variance explained by the first two PCs was 70.45 and also considered satisfactory. The scores plot (Figure 3a ) reveals that samples of viscera have a tendency to group according to the place of specimen collection. The samples from sampling sites 1 and 5 were the most similar and less dispersed. These findings can be reinforced by the dendrogram presented in Figure 3c . It still shows that group 2 is less similar among all. Analyzing the loadings plot ( Figure  3b ) we note that Ni is mainly responsible for the behavior of Group 3 and Cu and Mn are the main variables that highlight group 2. The Cu is also the main variable allowing for the separation of groups 1 and 5 while the Zn and Fe are the main variables that allow the distinction of group 4. Figure 4 depicts graphs from multivariate analysis of the skin samples. In this analysis the variable Cr was removed for not contributing significantly in modeling data. The first two PCs together explain 
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55,97 % of the total variance. Even though some samples are mixed with samples belonging to other groups, there is a tendency to forming groups according to the location where the specimens were collected. Samples collected in Section 5 are the most dispersed and Ni and Cu are the variables that contributed the most to this group. Iron is the main discriminant for group 3 and Mn and Zn contributed to the formation of group 4. The dendrogram of Figure 4c shows that, using a linkage distance of 30, there is the formation of a group composed by samples collected at points 1, 2 and 3 and another group formed by samples of points 4 and 5.
When analyzing samples of muscle tissue separately, it is noted by the scores plot ( Figure 5 ) that, except for group 5, groups formation for other samples are not clear. In this analysis, the PC1 and PC2 explain 61,48 % of the data variation and variable Ni was removed due it not contributing significantly in the modeling data. The grouping of the samples collected in the point 5 derives from the contribution of Mn and Fe variables. HCA corroborates this conclusion. Using a linkage distance of 10.5, it is noted that there is a formation For the data obtained by analysis of sediments, scores plot (Figure 6a ) revealed the formation of three groups. One of these groups is formed by sediment samples collected in the points 3, 4 and 5. The other two groups are formed by the samples of point 1 and point 2, respectively. The loadings plot (Figure 6b ) reveals that all variables are important in the mathematical modeling which enables groupings and the creation of the dendrogram with the findings obtained in the PCA.
Thus, after performing the multivariate data analysis, it can be concluded that the levels of metals can be analyzed in regards to the type of tissue obtained from the frog Leptodactylus ocellatus. There is also a trend of clustering of samples of viscera and skin according to the location at which the specimen was collected. For samples of muscle, the formation of groups in relation to the collection site was not well defined. Table V shows the correlation between the levels of metals found in sediment with the levels present in some tissues of the specimens analyzed. The highest positive correlation was seen between the content of Mn in sediments with Mn content in the viscera (0.91), followed by the correlation of Cr (0.88) and Cu (0.87) between the same segments. Amidst the correlations between the metals present in the sediment and the muscles, the only significant positive correlation found, was between the levels of zinc (0.86) and Mn (1.00). On the skin, there was significant negative correlation with the sediment for Cu. The remaining values were disregarded, as they were not significant.
From the results and correlation analysis, it was observed that the metals found in the skin did not show the same behavior as those found in sediment. Of all tissues analyzed, the group formed for skin showed the greatest differences. Tests on the correlation between the Zn, Mn and Fe of the skin and the sediment, did not prove significant. Through the determination of metal in the skin, it was observed that this matrix possesses high levels of zinc. However, the quantity of zinc that reaches other body tissues is relatively low (Whittaker 1998). High concentrations of iron were also found, which can be explained by the high level of iron in the water and sediment of the Contas River, as the region is rich in iron ore. Mn concentration in the skin, viscera and muscle were relatively low compared to amounts found in the sediments. Although the region contains a large amount of Mn, as it is being released in the waste generated in household chores, this is not being accumulated in the organism. The concentration of Cu in all samples analyzed was very low in comparison to other studies. It was not possible to be determined in some samples of skin, as it was below the quantification limit of the analytical technique used. The low copper content found in the samples can be explained by the limited availability of copper present in the environment. Furthermore, bioavailability depends not only on metal species, but also on other substances in the environment (WHO 1998a) . The presence of Cr in the samples can be explained by the fact that the studied region is close to a tannery, no longer in use, in which chrome was used for tanning leather only a few years ago. In addition, the fact that the region is rich in concentrated nickel, explains the presence of this metal in the samples.
In the analysis of the muscles it could be seen some differences in relation to the results found in the skin. The manganese concentrations in the muscles were lower than in the skin and viscera. Studies that have determined Mn in the muscles of cattle (Jarvisalo et al. 1992 ) indicated levels similar to those found in this study. According to WHO (1998b) , the food chain does not influence the bioaccumulation and biomagnification of manganese from various sources of contamin ation by the element. Statistical analysis showed that the muscles of L.ocellatus were not good indicators of pollution since the results remain constant regardless of the variations found in the sediment samples analyzed. The muscles of L.ocellatus are a source of food for the local population. Therefore, noting that the concentrations of metals in these tissues are low, this observation allows discard them as a mean of metal contamination.
Among tissues, the viscera showed the strongest correlation with the sediment. A positive correlation was found between all the metals, however, only Mn, Cr and Cu were significant (p <0.05). Several studies indicate the viscera as a good indicator of contamination. Liang et al. (1999) investigated the accumulation of metals in the viscera of fish and found that the concentration was inversely proportional to the size of the fish. Traces of sediments found in the viscera of analyzed amphibians suggest probable geophagic and/or fossorial habits, explaining the close relationship between the levels of metals found in both types of samples.
The results obtained in this study showed that there are different concentrations of metals in sediments of urban and rural areas. This suggests that urban areas are the most impacted and that the bioavailability of these pollutants is significantly different. In this sense, human activities shown in Table I may act as potential sources of metals in these environments.
An efficient biological indicator, should reflect levels of environmental contamination, and the relationship between the elements present in the organism and the environment must be constant (Depledge and Fossi 1994) . Considering the results of this study and the above requirements, the viscera of L.ocellatus proved to be a piece of the frog body suitable for use as a bioindicator of metal pollution in aquatic and terrestrial environments. Thus, using this species as a biological indicator is an appropriate instrument for future environmental monitoring programs aimed at the conservation of these areas, as well as for the evaluation of the evolution of trace elements within these environments.
CONCLUSIONS
The samples of sediment and tissue from the L. ocellatus amphibian presented high concentrations of certain elements investigated in this study. The species deserves to be carefully studied and preserved to ensure the region's biodiversity. As an abundant species widely distributed throughout the studied region, and due to it being capable of bioaccumulation of metals, the Leptodactylus ocellatus is able to reflect the differences in metal concentrations between different areas analyzed. As Contas River is very important to its surrounding region, a study was necessary to identify a bioindicator for environmental monitoring programs. Taking into account the particular characteristics of the amphibian analyzed, it is concluded that the viscera of the L. ocellatus presents a good alternative for use in biomonitoring surveys in the Contas River. EVALUATION 
